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Abstract
Present study was aimed at determining efficacy of differential biofeedback training on performance of soccer skills. Forty
two young adult male soccer performers, selected for this experiment were assessed on the basis of physiological and
psychophysiological parameters and were randomly assigned into three different groups (control group, i.e. - Gr. A, and two
experimental groups, Gr. B, who received heart-rate biofeedback training and Gr. C, received skin-conductance biofeedback 
treatment for 20 sessions). Post-intervention assessment of physiological and psychophysiological parameters however
indicated improvement in juggling performance followed by biofeedback treatment, while no such improvement was
observed in control group participants.
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Universiti Sains 
Malaysia.
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1. Introduction
Soccer performance is outcome of several basic skills, and successful adoption those skills ensures success
in soccer performance. Proper adoption and execution of the basic soccer skills may be scientifically explained as
the resultant of optimal level of positive transfer of correct responses (learned skills) from practice to competitive
situations (Saha et al. [1]). This optimal positive transfer of correct responses is not an automatic process, since
lots of environmental hindrances result in perception of stress in the player. A player needs to deal with many
aspects such as their emotional stability and focus of attention besides the environmental condition. People’s
ability to influence their own psychological states mostly rely on cognitive-emotional control (Wegner &
Pennebaker, [2]), which involves the deliberate use of strategies to change or maintain thoughts, feelings, or
actions (Totterdell & Leach, [3]). The use of mental control strategies is now seen as an influential contributor to
successful competitive performance in sport. Coping with stressful competitive situations is considered as natural
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ability of the players, yet without effective stress management skills the effect of stress on the emotional response
and performance consequences for the player may be severe (Eubank & Gilbourne, [4]). Researches on stress 
process, as viewed in the Sport Psychology literatures, has mostly been dealt with the apprehensive feelings and
negative expectancies in the players, which are commonly considered as aspects of anxiety. Studies have reported 
that mental training programmes in individual sports (Patrick & Hrycaiko, [5]; Terry, Mayer, & Howe, [6]) and
team sports (Bakker & Kayser, [7]; Bull, [8]; Savoy, [9]) can lead to improved sports performance.
Anxiety as a negative psychological state has been identified as multi-dimensional, viz. – cognitive (mental)
and somatic (physiological) components, which respond differently to the stressors within the environment
(Martens et al., [10]).Theoretical considerations pertaining to impact of stress and anxiety and subsequent
performance failure have arguably most viably been discussed in the ‘Catastrophe theory’ (Hardy et al., [11]; 
Hardy, [12]). Athlete need to overcome this problem by using several type of mental training.  Many of the
psychotherapeutic techniques used by sports performers require them to regulate their moods or emotions, which
ultimately help them in gaining control over counter-productive emotions such as fear and tension (Totterdell & 
Leach, [3]).
Here the question seems obvious, what are the intrinsic factors interplaying behind competitive anxiety 
manifestations and apart from that, appropriate understanding of the competitive environment is also very much
essential, and the potential reasons as to why and how the athletes cannot avoid facing with some such situations,
which may lead to increased emotional burden in them, must be carefully scrutinised.  In order to do that, let us
focus onto the factors that may lead to the development of perceived anxious apprehension in the athletes, which
without being taken care of may turn up to a severe and tormenting experience in them. Patel and his co-
researchers’ study however provides us with the most current understanding with regard to integral issues related
to the development, severity and persistence of anxiety experiences in the athletes (Patel et al. [13]).
Identification of these factors has been a debatable issue throughout the twentieth century, particularly this issue
concerns mostly in the researches in the field of anxiety and performance relationships. Since the beginning of 
the past century, the subjective feeling of anxiety, anxious apprehension, worry, tension and arousal have all been 
viewed as some equated phenomena, and have been the issues of serious research concern, on how far they affect
the actual performance. Factors like achievement targets; high aspiration levels; commitment to sport; coping
deficits; experience; motivational climate; lack of self-confidence; level of competence and level of 
competitiveness; pre-competition mood state; fear of failure as well as fear of success phobia; and finally,
underlying anxiety traits – these all been heavily dealt with as potential confounding and/or contributing factors
behind anxious experiences, and the perceived outcomes.
Research endeavours were also evident in identifying the appropriate-most therapeutic solutions to the
over-whelming emotional crises felt by the athletes. Initiating from the
ancient concept of Yoga and meditational practices, both mind – to –
muscle and muscle – to – mind relaxation training principles were
developed way back in 1930s, when Jacobson attempted to develop and
train how muscle-relaxation techniques could be effective in dealing with
heightened anxiety. Benson’s conception of relaxation training based on
Meditation techniques originally developed by Mahesh Jogi, was known as 
meditative relaxation (Benson, [14]), which also propagated development 
of other self-regulation techniques, such as – autogenic rehearsal; imagery 
training & visualization; systematic desensitization etc. Technological
development particularly in the field of biomedical engineering, led to the
development of attempts to identify both biological (HR and BP etc.) and Fig. 1. The Biofeedback Loop
psychobiological (for instances, EEG; ECG; EMG & GSR) indices substantiated with the subjective feelings of 
anxiety, and utilization of relaxation techniques to an unique development of a therapeutic technique which 
provides ‘information the state of biological processes, and is used to describe a technique which increases ability
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of a person to voluntarily control physiological activities by being provided with information about those 
activities' (Olton & Noonberg [15]). With biofeedback training, people have been able to regulate many 
processes: lower heart rate; lower blood pressure, control headaches, and manage responses to stressful 
situations. Biofeedback uses electronic instruments which, when connected to an individual, can measure, 
amplify and display involuntary physiological processes on a moment to moment basis (Patel [16]).  
    Here we would like to highlight a little more onto the concept and utility of the biofeedback therapy. The 
bottom-line is that the Biofeedback training can help in regulating heightened emotionality. The supposition 
behind the use of emotion – regulation techniques is that, there is a relationship between emotion and 
performance, which can be affected by performers controlling their mood states (Totterdell & Leach, [3]). More 
specifically, emotional regulation is thought to influence performance because it enables people to get into the 
sort of positive mood that facilitate certain cognitive processes (Matthews, [17]), which in turn increase effort 
and persistence on tasks (George & Brief, [18]). Biofeedback is biological information which is returned to the 
source that created it so that the source can understand and have control over it. The application of specific 
biofeedback techniques and procedures began only in the last quarter of a century. The use of Electromyography 
(EMG), Electroencephalography (EEG), Galvanic Skin Response (GSR), Heart Rate Variability (HRV), and 
Peripheral Skin Temperature (PST) are the principal modalities used today in clinical practice (Condron et al. 
[19]). Essentially biofeedback completes the loop between autonomic functions and curious awareness. 
Biofeedback training is a learning process whereby people exert conscious control over psychological process 
controlled by autonomic nerves system. Biofeedback monitors the changes in physiological function, which 
could be heart rate, or electrodermal or skin conductance activity, or EEG functions or BP etc. and at the same 
time provides feedback in a real time. The biofeedback equipment provides feedback using a signal that change 
with monitored variables. 
     With the biofeedback training, people have been able to regulate many processes: lowering heart rate and 
blood pressure, control headache and manage responses to stressful situation. Biofeedback training has been 
shown effective for controlling hypertension or high blood pressure. It also has been used to stress management 
technique. It will activate specific controls of the parasympathetic part of autonomic nervous system such as 
lowering heart rate. One of the parameter in the biofeedback is the Galvanic Skin Response (GSR). GSR or 
electrodermal activity is one variable traditionally associated with sympathetic nervous system activity. The 
galvanic skin response is affected by sweat gland activity and skin responses on the palmar surface of the hand. 
Unlike the heart, the sweat glands are only activated by sympathetic activity. If the sympathetic branch of the 
autonomic nervous system is highly aroused, then sweat gland activity increases and consequently, so does the 
changes in GSR values. Because of this association, the GSR is traditionally used as an index of sympathetic 
activity. When a person is relaxed, then the GSR should be low (Pflanzer [20]). 
    Research investigations following rigorous methodology related to introduction of HR and GSR as 
therapeutic interventions are really rare. Studies on impact of biofeedback and improvement in sport performance 
by and large focused on EEG alpha biofeedback and EMG biofeedback, while evidences of introduction of GSR 
and HR biofeedback as psychotherapeutic interventions are mostly rare (Dustman et al. [21]). Bar-Eli & 
Blumenstein [22] using EMG biofeedback only for 10 weeks observed improvement in running and swimming 
performance in young adolescents (aging between 16 -18 years), while Blumenstein, Bar-Eli & Tenenbaum [23] 
observed improvement in athletic performance in college students, using EMG biofeedback for only 13 sessions. 
    Further to that, Blumenstein et al. [24] observed that only 6 sessions of frontalis EMG biofeedback can 
ensure improvement in psycho physiological parameters, such as, GSR; HR and BP etc, as well as improved 
athletic performance in young college student performers. Available dearth of research literatures dealing with 
impact of biofeedback on sports performance revealed that attempts have been made to employ EMG 
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biofeedback, but researches employing both GSR and HR biofeedback on performance enhancement are still 
scanty in number. 
    Furthermore, none of the biofeedback related researches were done on Asian and/or south-Asian 
population. More so, the question of how many biofeedback sessions could be considered as sufficient for the 
young adult student population is not yet clear to us. Under such circumstances, our present study was done –  
  
 To identify the effects of HR biofeedback on juggling performance parameters; 
 To Identify the effects of Sc biofeedback on juggling performance parameters; 
 To compare the relative effectiveness of different biofeedback sessions on the improvement in juggling 
performance. 
 
 
2. Methodology 
2.1. Participants  
Forty-two undergraduate male residential students of Universiti Sains Malaysia were randomly selected 
following purposive sampling procedure. The inclusion criteria for the participants were as the followings: 
 
 Undergraduate students in School of Health Sciences; 
 Young bachelor residential male students;  
 Age ranged between 19 to 22 year (Mean age – 21.43 yr.s and SD – 1.23); 
 Healthy and with no chronic disease; 
 Recreational soccer players of having intermediate level of soccer skills; 
 Minimum juggling ability (at least 10 times); 
 BMI within (17.5 – 28.5) kg./mt2;; 
 None of the participants have ever been exposed to treatment of Heart-rate or Skin conductance or any other 
forms of biofeedback therapeutic training. 
 
 
2.2. Materials Used 
 
Biopac Student Lab (Pflanzer [20]) is used in this study. It is an instrument which monitors physiological 
function such as heart rate and, emotional and sympathetic response that has been measured by galvanic skin 
response (GSR). Changes in heart rate and GSR are plotted on the screen as thermometer style bar chart that rises 
and falls. The materials used are: BIOPAC disposable vinyl electrodes (EL503); surface electrodes leads (SS2L); 
GSR transducer (SS3L); GEL 100 electrode gel; Computer System: PC running Windows 95/98/NT 4.0/2000; 
BIOPAC Student Lab software v3.0 or greater; BIOPAC acquisition unit MP30; BIOPAC wall transformer 
(AC100A), and BIOPAC serial cable (CBLSERA) etc. and the Anthropometry kit for assessment of BMI of the 
subjects and Soccer ball. 
The BIOPACK Student Lab is an instrument which monitors physiological functions such as heart rate and, 
emotional and autonomic responses can be measured by galvanic skin response (GSR). It provides feedback in 
real time by using signals those change with monitored variable. The changes in heart rate and GSR are plotted 
on the screen as a thermometer style bar chart that rises and falls. The placement of the surface electrodes on the 
participants and the preparation of the equipment are detailed in the following section. 
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2.3. Procedure 
 
This study started with baseline measure whereby all participants were asked to come to PPSK Sport Science 
Laboratory in order to take their pre-baseline measurement of heart rate and GSR. This baseline measurement 
was done for three minutes per subject.  
The experiment was started with the evaluation of baseline measure wherein all of the participants were asked 
to report to the Sport Science Laboratory of the School of Health Sciences (PPSK), in order to avail the pre-
intervention (baseline) measurement of basal ECG t-wave amplitude, Heart-rate variability (HRV), basal heart-
rate and basal measure of GSR or Skin Conductance. The psychophysiological (viz. GSR or Skin conductance 
measure as well as heart-rate) and cardiovascular measure ECG (T-wave amplitude of electrocardiogram 
recording in particular) used as the physiological measure, were considered for the reason that, these are 
parameters provide authentic indices of changes in emotionality. The limbic pathways; basal ganglia; HPA 
(Hypothalamic-Pituitary-Adrenal axis) as well as the underlying brain-circuitry involved in the autonomic 
activity are hereafter diagrammatically represented.  Since ECG recording procedure is universally recognized, 
recording of electrodermal activity, or GSR recording or recording skin conductance (Sc) measures, is based on 
the eccrine sweat gland activity of palm (Chattopadhyay et al. [25]). 
After recording of the pre-baseline data, participants were categorized into three different groups – viz. Gr. A - 
Control/ non-intervention group (N = 12), and two experimental/ intervention groups, e.g., Gr. B (N = 15) and 
Gr. C (N = 15). Participants from the intervention groups were introduced to differential Biofeedback training 
sessions (altogether twenty sessions of biofeedback therapy with duration of 10 minutes per session). Heart-rate 
biofeedback therapy training was introduced to the participants of Gr. B, while their counterparts in the Gr. C 
received GSR biofeedback training. They were required to attend to the therapeutic sessions twice a week in 
order to complete their therapy within a period of ten weeks.   
During the therapeutic sessions subjects were attached to Biopac MP30 Data Acquisition System instrument. 
Biopac MP30 introduces concept of biofeedback training for relaxation and level of arousal was measured via 
heart rate and galvanic skin response (GSR). At the completion of tenth week, when all of the participants of the 
two intervention groups (Group A & Group B) have been trained with their assigned therapeutic sessions, 
participants of the both intervention groups and also of the control group were subjected to post-intervention 
analyses of the psychophysiological measures.  
Each of the participants was subjected to the assessment of the afore-mentioned variables at a time, with the 
application of BIOPAC analysis system. Thus for baseline (pre-intervention) assessment, each of the participant 
was kept engaged for evaluation of psychophysiological and physiological parameters for only a period of five 
minutes per individual candidate.  
 
3. Statistical Analysis 
 
All statistical analyses were performed using the SPSS version 18.0, which is now known as PASW 18. 
Descriptive data are expressed as means ± standard deviation (SD). Simple multiple linear regression was done to 
derive predictive relation between the soccer performance (improvement in juggling activity, if any, which is 
hereafter called as the dependent measure), and the Sc & HR Biofeedback therapeutic sessions (hereafter 
considered as the predictors). Statistical significance is accepted at p < 0.05 level. 
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4. Results 
 
Table – 1a – Descriptive Analyses for the Participants of Control Group 
 
 
 
 
 
 
 
 
Table – 1b – Descriptive Analyses for the Participants of Experimental group B 
 
 
 
 
 
 
 
 
Table – 1c – Descriptive Analyses for the Participants of Experimental group C 
 
 
 
 
 
 
 
 
 
Table – 2 -Model a - Summary of multiple linear regression analysis (Exp. Gr. B participants – when predictors were initial & final 
phases of different GSR biofeedback (BF) sessions). 
 
Dep. Variable –  Improvement in Juggling Unstandardized Coefficients Standard Coefficients t Sig. 
 B Std. Error Beta   
(Constant) 28.29 16.236  1.742 0.12 
GSR BF 1Final phase -25.024 8.31 -994 -3.011 0.017 
GSR BF 1initial phase 19.158 5.651 1.493 3.39 0.009 
GSR BF 2 initial phase -13.505 9.656 -0.342 -1.1399 0.199 
GSR BF 2 Final phase -6.183 5.591 -0.392 -1.106 0.301 
GSR BF 3 Final phase -3.226 2.841 -0.24 -1.136 0.289 
GSR BF 4 Final phase -14.566 5.27 -0.723 -2.764 0.027 
 
 
 
 N Minimum Maximum      Mean Std.Dev 
Pre-intervention Juggling performance 12 10 24  10.63 8.618 
Post-intervention Juggling performance 12 11 25  11.13 7.586 
Valid N (list wise)  12      
 N Minimum Maximum      Mean Std.Dev 
Pre-intervention Juggling performance 15 11 74  17.07 16.842 
Post-intervention Juggling performance 15 18 160  38.33 44.847 
Valid N (list wise)  15      
 N Minimum Maximum      Mean Std.Dev 
Pre-intervention Juggling performance 15 13 29  13.73 7.005 
Post-intervention Juggling performance 15 24 250  40.40 58.98 
Valid N (list wise)  15      
(F (2, 14) = 3.398, P <0.048)) Model Adj.R2 = 50.0%. 
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Table – 3 -Model b - Summary of multiple linear regression analysis (Exp. Gr. B participants – when predictors were initial & final 
phases of different GSR biofeedback (BF) sessions). 
 
 
 
Table – 4 -Model c - Summary of multiple linear regression analysis (Exp. Gr. C participants – when predictors were initial & final 
phases of different HR biofeedback (BF) sessions). 
 
Dep. Variable – Improvement in Juggling Unstandardized Coefficients Standard Coefficients t Sig. 
 B Std. Error Beta   
(Constant) 6.397E-16 .141  .000 1.000 
HR BF 4 Final phase -.672 .226 -.672 -2.971 .014 
HR BF 9 initial phase .511 .202 .511 2.527 .030 
HR BF 12 initial phase -.843 .202 -.843 -4.182 .002 
HR BF 14 Final phase 1.006 .175 1.006 5.761 .000 
HR BF 17 Final phase -2.276 2.841 -0.24 -1.136 0.284 
HR BF 20 Final phase -12.506 5.27 -0.723 -2.764 0.007 
 
 
 
 
 
 
 
 
Dep. Variable – Improvement in juggling Unstandardized Coefficients Standard Coefficients t Sig. 
 B Std. Error Beta   
(Constant) -1.21E-16 0.022  0 1 
GSR BF 5 Final phase 0.035 0.44 0.035 0.788 0.433 
GSR BF 7 initial phase 0.366 0.079 0.366 4.647 0.000 
GSR BF 10 initial phase -0.157 0.069 -0.157 -2.26 0.026 
GSR BF 11 Final phase -0.562 0.134 -0.562 -4.184 0.000 
GSR BF 13 Final phase 0.800 0.039 0.800 2.304 0.000 
GSR BF 14 Final phase -1.061 0.055 0.1061 -19.331 0.000 
GSR BF 15 Final phase 0.180 0.032 0.180 5.568 0.000 
GSR BF 16 Final phase -0.082 0.058 -0.082 -1.432 1.581 
GSR BF 17 initial phase 0.450 0.049 0.450 9.128 0.000 
GSR BF 18 Final phase 0.731 0.067 0.731 10.954 0.000 
GSR BF 19 Final phase -0.506 0.041 -0.506 -12.304 0.000 
GSR BF 20 Final phase 0.766 0.066 0.766 11.548 0.000 
(F (2, 14) = 167.914, P <0.000)) Model Adj.R2 = 94.4%. 
(F (2, 14) = 9.214, P <0.002)) Model Adj. R2 = 70.1%. 
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Table – 5 - Summary of the difference between the ECG measures amongst the participants of Control and Experimental groups 
 
Pre-intervention ECG Sum of Squares df Mean Squares F Sig. 
Between Groups 2.005 5 .401 .371 .682 
Within Groups 39.995 37 1.081   
Total 42.000 42    
Post-intervention ECG      
Between Groups 21.965 5 4.393 8.121 .008 
Within Groups 20.035 37 .541   
Total 42.000 42    
 
 
Table – 6 - Summary of the difference between the GSR measures amongst the participants of Control and Experimental groups 
 
Pre-intervention GSR Sum of Squares df Mean Squares F Sig. 
Between Groups 4.741 5 .948 .941 .406 
Within Groups 37.259 37 1.007   
Total 42.000 42    
Post-intervention GSR      
Between Groups 13.143 5 2.629 3.37 .034 
Within Groups 28.857 37 .780   
Total 42.000 42    
 
 
Table – 7 - Summary of the difference between the Juggling scores amongst the participants of Control and Experimental groups 
 
Pre-intervention Juggling  Sum of Squares df Mean Square F Sig. 
Between Groups 568.35 5 113.669 .761 .476 
Within Groups 5525.03 37 149.325   
Total 6093.38 22    
Post-intervention Juggling       
Between Groups 13539.65 5 2707.929 6.442 .043 
Within Groups 15552.84 37 420.347   
Total 29092.49 42    
 
 
4. Discussion and Conclusion 
 
Measures of juggling performance scores are summarised in tables of descriptive statistics (Table-1a, 1b & 
1c). In the Table-1a, the means and standard deviations of the control sample (N=12), for both pre and post-
intervention juggling performance are presented. The tabular representations imply that, average juggling 
performance in the participants of control condition did not differ between pre and post-intervention phase of 
assessment. The observed large discrepancy in the data (relatively larger SD values) in both of the conditions 
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however could be attributed to the pre-existing inter-subject discrepancy in juggling performance scores, which is 
clearly visible in the minimum and maximum juggling scores obtained by the participants.  
Again, both in the Tables -1b & 1c, the means and standard deviations of the participants of the experimental 
groups B & C, for both pre and post-intervention juggling performance are presented. The tabular representations 
imply that, compared to the pre-intervention phase in the post-intervention phase average juggling performance 
of the participants of both of the experimental groups have improved a lot. Again, observed large discrepancy in 
the data (high SD value) in the post-intervention condition however could be attributed to the disproportionate 
representation of data observed due to the outstanding juggling performance by almost half of the participants 
compared to few of their counterparts (only two) who could improve negligibly. 
In Table -2, 3 and 4, summary of linear multiple regressions are presented. Significant models emerged for the 
models a, b and c (participants of the experimental group). In the Table 2 the model a however, was found to 
explain 50.0% of variance in changes in the extent of improvement in juggling score. The equation specifically 
explained the presence of main effects of GSR biofeedback sessions done on the participants of experimental 
condition (both initial & final phases of 1st session and the final phase of the 4th session were found significant). 
Overall, improvement in juggling score was found directly related to the extent of the GSR biofeedback sessions 
in the initial phase of the 1st session, while both the final parts of the 1st & 4th sessions were found inversely 
related to the improvement in juggling performance scores. This finding implies that in the first therapeutic 
session, when the participants were not accustomed with the biofeedback training the GSR scores were higher, 
which were found directly related to the higher juggling scores, but in course of therapeutic training when at the 
final phases of the biofeedback sessions, participants learned to regulate their emotionality and the resultant 
reduction in GSR scores were observed, those reductions in GSR were found inversely related to their improved 
juggling scores.  
In the Table 3 the model b however, was found to explain 94.4% of variance in changes in the extent of 
improvement in juggling score. The equation specifically explained the presence of main effects of GSR 
biofeedback sessions done on the participants of experimental condition when results of the majority of the 
therapeutic sessions were included in the model. Initial phase scores of the 7th, 10th & 17th sessions and the final 
parts of the 11th, 13th, 14th, 15th, 18th, 19th & 20th sessions were found significant. Overall, improvement in 
juggling score was found directly related to the extent of the GSR biofeedback sessions in the initial parts of the 
7th, & 17th and the final parts of the 13th, 15th, 18th & 20th sessions, while the initial part of 10th session and final 
parts of the 11th, 14th & 19th sessions were found inversely related to the improvement in juggling performance 
scores. This finding implies that after a few sessions of 7th, & 17th and the final parts of the 13th, 15th, 18th & 20th 
sessions, while the initial part of 10th session and final parts of the 11th, 14th & 19th sessions were found inversely 
related to the improvement in juggling performance scores. This finding implies that after a few sessions of GSR 
biofeedback therapy, majority of the participants got trained to regulate their autonomic functions, and that’s how 
a better autonomic regulation could explain over 94% of variances in the improvement in juggling performance. 
A trend of habituation in majority of the participants were observed, and that resulted in overall similar range of 
reduction in autonomic regulation, and hence majority of GSR scores in the final phases, unlike that was 
observed in the model a, were found directly related to the improved juggling scores.  
In the Table 4 the model c was done on the participants of Gr. C (experimental group 2, who received HR 
biofeedback training) which however, was found to explain 70.1% of variance in changes in the extent of 
improvement in juggling score. The equation specifically explained the presence of main effects of heart-rate 
biofeedback sessions done on the participants of experimental condition (initial part of the 9th & 12th sessions and 
the final part of the 4th, 14th & 20th sessions were included). Overall, improvement in juggling score was found 
directly related to the extent of the heart-rate biofeedback sessions in the initial part of the 9th session and final 
part of the 14th session, while the initial phase of the 12th & final phases of the 14th & 20th sessions were found 
inversely related to the improvement in juggling performance scores. 
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Table-5 however summarises the obtained differences between the ECG measures amongst the participants of 
Control and Experimental groups. Findings suggest that there exist no difference between the measures obtained 
from the participants of the control as well as of the experimental groups, in the pre-intervention phase. Post-
intervention findings however clearly depict significant differences in the obtained ECG measures amongst the 
participants. 
Table – 6 however summarises the obtained differences between the GSR measures amongst the participants 
of Control and Experimental groups. Findings suggest that there exist no difference between the measures 
obtained from the participants of the control as well as of the experimental groups, in the pre-intervention phase. 
In the post-intervention phase finding from the final phase of GSR measure however clearly depict significant 
differences between the groups. 
Table-7 however summarises the obtained differences between the juggling performance scores obtained 
from the participants of Control and Experimental groups. Again findings suggest that there exist no difference 
between the measures obtained from the participants of the control as well as of the experimental groups, in the 
pre-intervention phase. Post-intervention findings however clearly depict significant differences between the 
groups. 
In summary, it could be discussed that the improvements evident in the Model a (Table -2), implied that, a 
direct relationship between the improvement in juggling score and initial phases of biofeedback data could be 
attributed to the fact that, during those phases HR scores were high enough in the initial phases, which eventually 
with introduction of biofeedback got reduced. Further to that, an inverse relationship between the initial phases of 
biofeedback data was also observed, which revealed the initial very low resting heart rate in the candidates during 
the initial phases of sessions, which however have relatively improved with the introduction of GSR biofeedback 
therapy (heart-rate score though increased, were in the optimal levels), and helped in the improvement of 
juggling scores. 
Model b however summarises a similar character of initially higher GSR scores in different intervention 
sessions, which have been moderated by the biofeedback treatment. Initial lower scores observed in the 10th and 
14th phases (similar to that was observed in the model a) substantiates the notion that, the initial very low basal 
GSR in the candidates during those phases were evident which though inversely related, did not have any adverse 
impact on the improvement in juggling score, rather those were beneficial, since that helped the participants to 
have better focus of attention required for improvements in juggling performance. Present findings are on line 
with that of Nideffer’s contention (Nideffer, [26]) over Easterbrook’s arousal-attention performance relationship 
theory, and that of our previous researches done on the soccer performers of Indian sub-continent (Saha et al. [1], 
Saha & Saha, [27]). 
Model c however depicted the changes observed in the obtained data, in the T-wave amplitudes in ECG 
measures caused due to introduction of heart-rate biofeedback intervention which implied that, reduction in 
resting and basal heart-rate was generally conducive to better juggling performance, as that helped the 
participants to become more focussed to the juggling task (Saha & Saha, [27]& [28]).  
Thus from the outcomes of this experiment it could be concluded that, the participants of the experimental 
group, who received biofeedback therapeutic training, could avail beneficial impact of the therapy, which in turn 
improved their physiological and psychophysiological make-up and the improvement in juggling performance 
thereby. Our future attempts would be to work on more detailed investigation with respect to the HPA axis and 
TCA pathways in the brain circuitry to explain with the intricate processes which would have contributed in 
better autonomic regulation followed by introduction of few sessions of biofeedback training and the observed 
improvement in juggling performance thereby. Of vital importance is the issue of paying more detailed attention 
to the fact that, a section of the participants were more receptive and were more committed to the training 
whereas to some others could be that the biofeedback as a psychotherapeutic training was much more essential 
compared to their counterparts, who attended the sessions for mere curiosity. Thus the innate and relative 
improvement in their physiological as well as psychobiological make-up is questionable, and hence the observed 
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improvement in juggling performance in them cannot be undoubtedly attributed to their enhanced autonomic 
arousal regulation capacity and the control over heightened emotionality only. Our future attempts would be 
conduct replicated study applying corroborative rigorous methodology to get ascertained with the afore-
mentioned issues. 
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